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ABSTRACT

We report here on a detailed study of a c-type RR Lyrae variable (RRc variable), SB
796, serendipitously discovered in a search of the WASP public data for stars that display
large photometric periodic modulation. SB 796 displays a period of P = 0.26585 d and semi-
amplitude of ~ 0.1 mag. Comparison of the modulation shape and period with the detailed
analysis of LMC variables indicates that SB 796 is an RRc variable. Gaia DR2 classification
corroborated our result. Radial-velocity (RV) follow-up observations revealed a periodic
variation consistent with a sine modulation, with a semi-amplitude of 5.6+0.2 km/s, and
a minimum at phase of maximum brightness. Similar amplitude and phase were previously
seen in other RRc variables. The stellar averaged RV is ~ 250 km/s, turning SB 796 to be
a high-velocity star, while its present position, as derived from the Gaia astrometry, is at
~ 3.5 kpc below the Galactic plane. Integration of the stellar Galactic motion shows that SB
796 oscillates at a range of 0.5-20 kpc Galacto-centric distance, passing near the Galactic
center about three times in 1 Gyr. The Galactic radial motion takes SB 796 up and down
the plane to a scale height of ~ 10 kpc. During its ~ 10 Gyrs estimated life time, SB 796

therefore passed ~ 30 times near the Galactic center.
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1 INTRODUCTION

RR Lyrae stars are relatively low-mass (0.6-0.8M)) pulsating stars that undergo core helium
burning on the horizontal branch (Smith et al. 2009). Being bright Population II objects
that pulsate in regular modes, they can be used as tracers of Galactic structure and history
(e.g., Akhter et al. 2012; Pietrukowicz et al. 2015; Cohen et al. 2017; Ablimit & Zhao 2018).
As pointed out by Soszyniski et al. (2003, 2009), RR Lyrae stars can be identified by their
pulsation periods, light-curve shapes, luminosities and colors. Therefore, the accumulating
photometric databases of billions of stars, the Gaia database in particular (e.g., Riello et al.
2018; Evans et al. 2018), open up an opportunity to identify a large number of new RR
Lyrae stars that will enable us to study in details their dynamical history during the early
history of the Galaxy (Layden 1995).

We report here on a detailed study of one c-type RR Lyrae variable (RRc variable) that
was serendipitously discovered in a search for stars with massive companions that display
large photometric ellipsoidal variations (Mazeh et al., in preparation). Searching the WASP
public datal (Pollacco et al. 2006; Butters et al. 2010) for periodic photometric variables
we came across a stellar candidate that displayed a brightness modulation with a period of
~ 0.25 d. The star appears in the compilation of A stars located near the south Galactic
pole (Slettebak & Brundage 1971) as SB 796 (see Table 1), putting its present position well
below the Galactic plane.

Radial-velocity (RV) follow-up observations, performed with the SpUpNIC spectrograph?
(Crause et al. 2016) at the South African Astronomical Observatory (SAAO), revealed a
small amplitude RV modulation, indicating that the photometric modulation is not caused
by the ellipsoidal effect. Further RV measurements with higher accuracy, obtained with the
CORALIE spectrograph (Queloz et al. 2000; Pepe et al. 2002) at the Swiss Euler telescope,
were consistent with the photometric period with a small amplitude, confirmed the identifica-
tion of SB 796 as a stellar pulsator. Comparison with the detailed analysis of LMC variables
by Soszynski et al. (2009, 2016) attested to the classification of SB 796 as an RRc vari-

1 https://wasp.cerit-sc.cz/form
2 http://www.saao.ac.za/science/facilities /instruments /spupnic-spectrograph-upgrade-newly-improved-cassegrain
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SB 796: a high-velocity RRc star 3

Coordinates (J2000) 02" 02M 293.05 -40° 22’ 257.92
Spectral Type AobP
B 13.1P
\Y% 13.40

aWASP public data
bSlettebak & Brundage (1971)

Table 1. Basic information of SB 796.

able. When we prepared our results for publication, Gaia (Gaia Collaboration et al. 2016)
released its DR2 results (Gaia Collaboration et al. 2018a), including classification of 40,380
RRec variables, together with 100,404 RR Lyrae stars of other types (Clementini et al. 2018),
and indeed SB 796 was listed as an RRc variable. Consequently, the Gaia time series ob-
servations of SB 796 became available (Holl et al. 2018) so we could include them in the
analysis of the photometry.

The obtained RVs displayed an averaged radial-velocity of ~ 250 km/s, indicating that
SB 796 is a high-velocity star (e.g. Schuster & Nissen 1989), moving away from the Galactic
plane. Gaid’s five-parameter astrometry (Lindegren et al. 2018) of SB 796, combined with
our RVs, enabled us to study the Galactic motion of SB 796 in the past and into the future.
The star is moving in a Galactic radial motion, oscillating at a range of ~ 0.5-20 kpc
Galacto-centeric distance in ~ 0.3 Gyr.

Section 2 describes our analysis of the WASP and Gaia photometry of SB 796 and
Section 3 presents our RV observations. Section 4 shows that the characteristics of SB 796
are typical of an RRc variable and Section 5 analyses its Galactic motion. Finally, Section 6

summaries our results.

2 PHOTOMETRIC MODULATION

The WASP project (Pollacco et al. 2006) observed SB 796 during 2006-2014, obtaining
49,804 measurements spreading over six observing seasons, with a mean range of ~ 150
d per season. The observations of the first four seasons (2006-2012) were taken with a
broadband, 400-700nm filter (Visual-WASP or Wy band) and 200-mm, /1.8 lenses . The
data of the last two seasons (2013-2014) was taken with an r’ filter, using 85-mm, /1.2
lenses (Smith & WASP Consortium 2014).

Typically 50 measurements of SB 796 were taken each night, during about 5 hours, with
a median cadence of ~ 40 s. The WASP light curve is plotted in Fig. 1. Seasons 5-6 display
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Figure 1. WASP photometry of SB 796, spans over ~3000 d, divided into six seasons. Seasons 1-4 (2006-2012) were observed
in the iy band while seasons 5-6 (2013-2014) in the r’ band. For each season, the data were median subtracted.

a larger photometric scatter because their data was taken with smaller aperture (85-mm)
lenses.

The magnitude spectrum of the Wy light curve is shown in Fig. 2, with a central peak
corresponding to a period of P ~ 0.266 d. The other peaks, which appear symmetrically
on both sides of the main peak, are due to the strong daily aliases induced by the window
function of the data.

We performed a fine search around the period of the main peak by fitting a 3-harmonic
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Figure 2. Magnitude spectrum of WASP Wy photometry as a function of frequency, with a peak at ~ 0.266 d. The peak
height of ~ 0.11 mag indicates the semi-amplitude of the first harmonic.

model to the observed magnitudes in the form of
3
2m
Ao+ 3 Ancos(—-t+a), (1)
n=1

for each season of WASP data set. The magnitude uncertainties were normalized to get a
reduced szed = 1 per season.

We obtained six different periods with a scatter of ~ 3x 107® d on time scales of ~ 500
d. Using these periods, each weighted by its inverse variance, we calculated a weighted mean
value of P = 0.2658523 d. Assuming a fixed period model for the obtained periods, we found
X2 ~ 70, which is 14 times bigger than the expected value, indicating significant period
variability. This phenomena was previously analyzed by Moskalik et al. (2015), pointing out
that RRc variables often show period variations of their dominant radial mode. SB 796 period
variations are plotted in Fig. 3. For the purpose of completeness, the figure also presents an
independently derived period for the Gaia G-band photometry, which is discussed below.

In order to estimate the uncertainty of the average period, we normalized the weights to
get X2 = 5 (which is the number of degrees of freedom), finding a mean photometric period
of P = 0.2658523 + 0.0000033 d.

In the same way, we derived the harmonic coefficients Ay, the amplitude ratio Ry = An/A1
and the phase difference ¢h1 = @ —Nn@, between the n-th and first harmonic for each band,
using seasons 1-4 (5-6) for the My (r”) band. In order to derive the time of minimum flux
To, we fitted every season with a 3-harmonics model (equation (1)), this time, imposing the

mean photometric period P = 0.2658523 d. The weighted mean values are listed in Table 2.
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Figure 3. Period variability of SB 796. Independent period determination of six time segments. The horizontal bars represent
the time span of each segment. The period uncertainty is presented by a vertical bar, and its location the time average of all
data points in that section. The rightmost red point presents the obtained period of Gaia G-band photometry (see below). The
period scatter reveals a probable variability of about 3x 107® d on time scale of ~ 500 d.

Parameter W photometry r’ photometry
P [day] 0.2658523 + 0.0000033

To [HID] 2453983.5984 + 0.0027  2453983.5697 + 0.0071
A1 [mag] 0.1109 + 0.0016 0.0592 + 0.0027
Az [mag] 0.01144 + 0.00043 0.00737 + 0.00090
Az [mag] 0.00223 + 0.00043 0.00240 + 0.00065
Ro1 0.1032 £ 0.0025 0.1250 + 0.0094
o1 4.519 + 0.042 5.30 + 0.30
Rs1 0.0202 + 0.0036 0.0409 + 0.0092
@31 2.60 + 0.21 23 +£18
RMS of residuals [mag] 0.067 0.27

Table 2. Parameters of the photometric analysis of WASP light curve. Note the large Root-Mean-Square (RMS) of residuals
in the r’ photometry relative to the Wy photometry.

We found a first-harmonic semi-amplitude of ~ 0.11 (0.06) mag in the WASP Wy (17)
broadband filter. The second (third) harmonic coefficient was 2 (2-3) orders of magnitude
smaller for both bands, as seen in Table 2. For the amplitude ratio, Ry = An/A1 and the
phase difference between the n-th and first harmonic, @1 = @ — n@y, the table shows an
insignificance difference between the two bands.

The light curve of SB 796 in WASP Wy band is shown in Fig. 4. The photometry was
median subtracted and folded with a period of P = 0.26568523 d, with zero phase at Top =
2453983.5985 HJD, for which the 3-harmonics model gets its minimum. The model was
calculated using the harmonics coefficients given in Table 2, plugged in equation (1).

Gaia DR2 (Clementini et al. 2018) classifies SB 796 as an RRc variable (Gaia parameters

are given in Table 6) and therefore includes 49, 46 and 46 measurements of the G, Ggp and
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A mag
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Phase

Figure 4. Top Panel: Photometry of SB 796 in WASP Wy band. Note the slight asymmetry of the modulation, with a peak
at phase of ~ 0.43. Bottom Panel: Folded residuals. The black points show the residuals binned into 100 bins. The data (in
both panels) are shown between the 5th-95th percentiles for clarity.

Grp bands, respectively, obtained in 2014-20163. We used the photometric period found by
the WASP data to fit the G band and the Ggp — Grp color with a 3-harmonic model, as
illustrated in Fig. 5.

The color modulation Ggp — Ggrp correlates with the G band modulation, with the bluest
color occurring at maximal flux, supporting the idea that the RR Lyrae modulation is

associated with temperature modulation rather than radius modulation.

3 https://gea.esac.esa.int/archive
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Figure 5. Upper Panel: Gaia G band photometry of SB 796, folded with a period of P = 0.2658523 d, with zero phase at Tp
= 2453983.5984 HJD (minimum Wy brightness) with a 3-harmonic model. Note the slight asymmetry, with a peak at phase of
~ 0.37 and a minimum at phase of ~ 0.94, which has a similar shape to that of Wy folded light curve (see Fig. 4). Lower Panel:

Gaia Ggp — Ggrp color of SB 796, which is the difference of integrated BP and RP spectro-photometric measurements, folded
with the same period and phase, with a 3-harmonic model.

3 SPECTROSCOPIC OBSERVATIONS

To follow the stellar RV modulation, SB 796 was first observed 16 times at SAAO during 2017
December 6-19 with the SpUpNIC spectrograph and the G4 grating on the 1.9-m telescope
(Crause et al. 2016) with an exposure time of 450 s. Later it was observed additional 9 times
during 2017 December — 2018 January with the CORALIE spectrograph at the 1.2-m Euler
Swiss telescope (Queloz et al. 2000) with an exposure time of 1 h.

The spectra from the two observatories were analyzed with our UNICOR software
(Engel et al. 2017). First, we used UNICOR to search the PHOENIX (Husser et al. 2013)
library* for a template that best fitted the spectra, using six CORALIE orders (16, 19,
24, 34, 40 and 65), which were of high signal-to-noise ratio (S/N), free of telluric lines and
contained sufficient spectral information. We found the best fitted template of each order.
Averaging the Tert, logg and [Fe/H] of the six templates yielded the parameters, with their
uncertainties, of the adopted template, given in Table 3.

The selected orders are shown in Fig. 6. Each order was filtered with a low-pass window to

4 http://phoenix.astro.physik.uni-goettingen.de
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SB 796: a high-velocity RRc star

Parameter Value

Teff [K] 8200 + 600
logg 3.62 £ 0.25
[Fe/H] [dex] -1.6 £ 0.5

Table 3. Parameters of the adopted template with their uncertainties.
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Time [JD - 2450000 RV [km/s] o [km/s]

8094.3764 253 10
8094.4782 250 10
8094.4856 261 10
8095.3318 258 10
8096.3039 275 10
8097.34 266 10
8097.4162 272 10
8098.2932 264 10
8098.4742 259 10
8099.2799 264 10
8099.4663 250 10
8100.2817 264 10
8101.36 263 10
8102.3059 246 10
8106.3003 253 10
8107.3032 250 10
8112.5502 253.63 0.61
8123.5603 243.12 0.87
8123.6448 250.93 0.68
8125.5706 253.76 0.98
8126.6367 254.9 1.6
8127.5641 243.3 1.1
8127.6282 249.66 0.94
8162.5373 254.2 2.3

Table 4. Derived radial-velocities of SpUpNIC (upper part) and CORALIE (lower part).

approximate the instrumental response function of the spectrograph (the blaze). We divided
the observed spectrum with the blaze to obtain the de-blazed spectrum. The figure presents
a mean spectrum for each order, obtained by co-adding the de-blazed spectra, after shifted
to the rest-frame of the star, using the derived velocity. The spectra are rich in lines of
iron-group ions and other heavy metals, typical of RRc variables, as was previously shown
by Govea et al. (2014).

We cross correlated each observed spectrum with the adopted template to obtain the
corresponding RV, using either the SpUpNIC single order, or the six selected orders of
CORALIE to yield one RV per exposure by UNICOR. One CORALIE observation yielded
low S/N spectrum and thus was excluded from the analysis. Table 4 lists the timing of
the observations, the RV measurements and their estimated uncertainties. The SpUpNIC
RVs were assigned a 10 km/s uncertainty each, a typical scatter obtained in radial-velocity
measurements of RV standards, performed with SpUpNIC during the current campaign.

We derived a x? periodogram by performing a single harmonic fitting of the form

2
V.. + K, cos [P—7T (t—Tow)] (2)

RV

to the combined RV sets of the two telescopes, while allowing for a constant shift between
the two (Y is the averaged line-of-sight velocity for each set). The analysis yielded a clear

peak, as shown in Fig. 7, at ~ 0.266 d. Using normalized uncertainties (so that each set
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Figure 7. Top Panel: RV as a function of time. Blue squares (red points) represent SpUpNIC (CORALIE) data. The SpUpNIC
RVs were shifted by a y difference of —9.65 km/s, to put them on the CORALIE velocity system. Bottom Panel: X2 periodogram
of a 1-harmonic fitting of the combined RV data as a function of frequency. A clear peak was found at a period of 0.265951+
0.000072 d. The other peaks are aliasing of the main peak due to the window function of the measurements.

has a reduced szed = 1) we found a period of 0.265951+ 0.000072 d, consistent with the
photometric period.

Finally, we performed a single harmonic fitting to the CORALIE dataset, this time
imposing the more accurate photometric period. The RV uncertainties were normalized to
get a reduced szed =1 and can be found by dividing the CORALIE errors, given in Table 5,
by 2.7.

The fitted model is plotted in Fig. 8 and its parameters are listed in Table 5. The phase of
minimum RV coincided with the phase of maximum flux, up to ~ 0.1 cycle. Such coincidence
was first noticed by Sanford (1930) for two classical cepheids, and was verified also for RR
Lyrae stars (Sneden et al. 2017).
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Parameter Value

Key [km/s] 5.64 + 0.12

y [km/s] 248.707 4+ 0.088

To [JD] 2458100.03535 + 0.00092

Table 5. Parameters of the RV solution of SB 796 with the more accurate photometric period P = 0.2658523 d, where Tg is
the time of maximum RV.
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Figure 8. Top Panel: Fitted RV modulation, folded with the photometric period of P = 0.2658523 d, with adopted zero phase
at To = 2453983.5984 HJD, for which the minimum Wy brightness occurs. The green dashed line presents the average line-of-sight
velocity. Minimal RV occurs at phase of ~ 0.43. Bottom Panel: Residuals as a function of time.

4 STELLAR CLASSIFICATION AND PHYSICAL PROPERTIES

The combination of photometric and RV modulations indicates that SB 796 is a variable
star with a period of ~ 0.266 d. The spectral analysis presented above suggested an effective
temperature of Tgs = 8200+ 600K and quite a low metallicity, typical of an RR Lyrae star.

RR Lyrae stars can be sub-classified by the shape of their light curves, as done by
Soszynski et al. (2003, 2009, 2016) for the OGLE (Udalski et al. 2015) LMC variables. They
showed that the different RR Lyrae populations are well separated in diagrams of the light

curve Fourier-coefficients ratio versus periods and in the period-amplitude diagram, some-

8102 J8QWBAON 7| UO Jasn ajaay| 10 AlsiaAiun Aq 20€Z11S/8Z82A1S/seIuW/SE0 "0 L /I0p/10BISqE-8]01LIB-00UBAPER/SEIUW/WO0D dNO"dIWapEo.//:sd)y WO} POPEOjUMO(]



SB 796: a high-velocity RRc star 13

1 0.7
0.9
0.6
0.8 |
0.7 0.5 r
0.6
o L
g . 0.4
0.5 | N
% o
0.3 f
2 04+t
0.3 | o2 |
0.2t
0.1 f
0.1 f
o) L 1 r 0 L _ = L
-0.8 -0.6 -0.4 -0.2 o -0.8 -0.6 -0.4 -0.2 o
logP logP

Figure 9. Left Panel: Period amplitude diagram for RR Lyr in the LMC (Soszyriski et al. 2009, 2016). Blue, magenta and green
points show RRab, RRc and RRd stars, respectively. The Wy light-curve parameters of SB 796 are presented by a star-shape
point. Right Panel: Fourier parameter Rp1 as a function of logP for the different RR Lyrae classes in the LMC (Soszynski et al.
2009, 2016). Ro1 = Ay /A1 is the amplitude ratio of second to first harmonics (Simon & Lee 1981).

Parameter Value

source id 4958223672295639040
phot variable flag VARIABLE
best classification RRc

Period [d] 0.265853196 + 0.000000059
band G

num clean epochs 48

average signal [mag] 13.386382 + 0.000065
peak to peak modulation [mag] 0.21461 4 0.00030
Ra1 0.0915 + 0.0015
o1 4.369 + 0.012
band Ggp

num clean epochs 46

average signal [mag] 13.49126 + 0.00028
peak to peak modulation [mag] 0.2512 4+ 0.0015
band Ggrp

num clean epochs 45

average signal [mag] 13.15588 £ 0.00028
peak to peak modulation [mag] 0.1558 4+ 0.0018
Gpp — Grp [mag] 0.33562 + 0.00040
Ggp — G [mag] 0.10286 + 0.00029
G— Ggrp [mag] 0.23275 +£ 0.00029
Teff [K] 8521.50

Teff percentile lower [K] 8071.0

Teff percentile upper [K] 9004.5

Table 6. Gaia parameters of SB 796. The color uncertainties were calculated using the average signal uncertainty of each
band.

times called the Bailey diagram (Bailey 1902). The location of our system in these diagrams
classifies SB 796 as an RRc variable, as clearly seen in Fig. 9.

Based on its light-curve shape and position on the Gaia CMD (Gaia Collaboration et al.
2018b), Clementini et al. (2018) classified SB 796 as an RRec Lyrae star, corroborating our
result. The Gaia data of SB 796 is summarized in Table 6.

Sneden et al. (2017) studied 12 RRc variables that were chosen from the brightest RRe
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Figure 10. Visual-light as a function of RV amplitudes. The red points present RRc variables studied by Sneden and fitted
with the dashed regression line. SB 796 is presented by a diamond-shape symbol; its uncertainties cannot be resolved due to
their small values: AWy = 0.0032 [mag] and ARV = 0.37 [km/s].

stars detected by the All Sky Automated Survey® (ASAS) and derived a linear relation
between their visual-light and RV amplitudes. With My amplitude of 0.2227 £ 0.0032 [mag]
and RV amplitude of 11.28 + 0.37 [km/s|, SB 796 almost coincides with the lowest point of
Sneden et al. (2017), as illustrated in Fig. 10.

5 available at http://www.astrouw.edu.pl/asas/?page=main
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Parameter Value

RA? [deg] 306212071184 £ 3.7 . 10 9
DEC? [deg] -40.3739311288 + 3.9 - 109
parallax? [mas] 0.26 4+ 0.02

pm in RA? [mas/yr] 17.113 £ 0.024

pm in DEC? [mas/yr] -0.499 + 0.027

RV® [km/s] 248.44 + 0.22

Gal position (X,Y,Z) [kpc] (8.242,-1.31,-3.70) + (0.019,0.11,0.30)
Gal velocity (Vx,Vy,Vz) [km/s] (229,-59,-138.1) + (18,17,7.1)

28Gaia DR2 values
bPCORALIE values

Table 7. Equatorial coordinates, parallax, proper motions, mean radial-velocity and corresponding Galactic position and
rest-frame velocity of SB 796.

Parameter Value
Buldge component?®

mass [10'°M] 0.5 + 0.25
cut-off radius [kpc] 1.9
power-law exponent 1.8
Stellar disk component?

mass [10'°M] 6.8 + 0.5
horizontal scale-length [kpc] 3.0+0.2
vertical scale-length [kpc] 0.28 + 0.05
Dark halo component?

local dark matter density [Me /pc?] 0.008 + 0.0025
radial scale-length [kpc] 16

aBovy (2015), adopting relative uncertainties as in Bovy & Rix (2013).
Table 8. Model components adopted for the Milky-Way.

5 GALACTIC DYNAMICS OF SB 796

In order to study the Galactic dynamics of SB 796 we derived its current Galactic po-
sition, using its equatorial coordinates, parallax, proper motions and mean RV, listed in
Table 7. GAIA parallax uncertainty of SB 796 is 0.02013 mas. However, as pointed out by
Lindegren et al. (2018), GAIA parallaxes are on the whole too small by a median value of
~ 0.03 mas. Thus we adopted a parallax uncertainty of 0.02 mas.

We then used the galpy package® for Galactic motion calculations (Bovy 2015) to in-
tegrate the stellar orbit for the past and into the future for 1 Gyr, adopting the MWPo-
tential2014 approximation for the Milky-Way gravitational field (Bovy & Rix 2013). The
adopted model of the Galaxy is given in Table 8.

The resulting Galactic orbit is plotted in Fig. 11. The star moves on a Galactic radial
orbit that takes it up and down the plane to a scale height of ~ 10 kpc. The orbit crosses
the neighborhood of the Galactic center once in ~ 0.3 Gyrs.

The figure also shows an assortment of orbits with different Galactic initial conditions,

6 http://github.com/jobovy/galpy
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Figure 11. SB 796 Galactic orbit in a left-handed Galactocentric rest frame. Each gray line corresponds to a possible track
obtained by the simulation. The orbital motion is plotted in the upcoming 1 Gyr (right panels) and in the past 1 Gyr (left
panels). The orbits in the x-z plane are presented in the upper panels, while lower panels show the galacto-centric distances as
a function of time. The red diamond shows the present time position in all panels and the thick line presents the track obtained
using the adopted Galactic parameters.

chosen at random from Gaussian distributions centered on the measured values of SB 796
with widths equal to the derived uncertainties, combined with uncertainties of the Milky-Way
mass model parameters. We found that the actual SB 796 Galactic orbit could significantly
deviate from the adopted path after (before) ~ 0.1 Gyrs. Calculating the orbital tracks for
past and future times of 1 Gyr, with different initial conditions and mass profiles, yielded a

minimal Galacto-centric distance of rmin = 0.6+£0.2 kpc.

6 SUMMARY

Based on WASP photometric data, we have shown that SB 796 is an RRc variable with a
period of P =0.26585234 0.0000033 d, semi-amplitude of ~ 0.11 mag at optical wavelengths
and a typical shape of the photometric modulation. We found a small but significant period
variability of 3x 107° d on time scales of ~ 500 d.

Gaia DR2 classification (Clementini et al. 2018), released when we were preparing our

results for publication, corroborated our result. The Gaia color modulation, Ggp — Ggp,
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showed that maximum brightness occurs when the star is most blue, indicating that the
modulation is associated with temperature modulation rather than radius modulation.

The pulsation is accompanied by a radial-velocity modulation with a semi-amplitude of
about 6 km/s. The minimum of the RV, when the stellar surface facing us is moving towards
us at maximum absolute velocity, occurs at the phase of maximum brightness, as was seen by
Sneden et al. (e.g., 2017) in other RRc variables. The RV and visual modulation amplitudes
of SB 796 are also consistent with the derived linear relation found by Sneden et al. (2017).
Detailed and accurate RV follow-up of the modulation can be used to confront and elaborate
the theory of the RR Lyrae pulsation.

SB 796 is presently located at 3.7+ 0.3 kpc below the Galactic plane, and its Galactic
radial motion takes it up and down the plane to a scale height of ~ 10 kpc. During its
motion, the star passes near the Galactic center, within ~ 0.5 kpc, about three times within
1 Gyr. During its ~ 10 Gyrs life time, SB 796 therefore passed ~ 30 times near the Galactic
center. Each passage substantially changes the characteristics of the stellar motion, as seen
in Fig. 11.

In the future, when Gaia DR3 and DR4 are available, we will be able to perform similar
detailed studies of the many RRc variables discovered by the mission, and find out if they
all share similar Galactic orbits. This could be a probe into their early dynamical history,

when the Galaxy was still young.
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